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The design and simulation of a dual-band rectangular patch antenna array at 2.4 GHz and 
3.5 GHz for Zigbee and Wimax applications are presented in this paper. The suggested 
antenna is expected to meet the wireless connectivity requirements in the architecture of a 
literature-inspired pre-hospital emergency system using IOT (Internet of Things) technology. 
In recent years, the rapid growth of IoT technology in the medical field has been observed. 
Introduced to support large-scale reconstruction of the global health system, this technology 
in many ways lead to changes in medical and population services provision. The simulations 
were performed with the help of ANSYS High Frequency Structure Simulator (HFSS). The 
radiating element and the feed line are constructed with the material PEC (Perfect Electric 
Conductor) of 0.035 mm thick. They are engraved on an Epoxy FR-4 substrate, with a 
relative permittivity ℇ𝒓= 4.4, thickness h = 1.6 mm, with the resonance frequency 𝒇𝒓 = 2.45 
GHZ. Epoxy FR-4 is chosen as the substrate material because it is very affordable in terms of 
cost and has superior and outstanding mechanical properties, making it suitable for a wide 
range of applications on an electronic component. A micro strip patch antenna array can 
improve the gain in order to use our antenna in emission for the wimax band thus ensuring 
the transmission of data from the ambulance to the hospital. We have identified a gain 
improvement of 51.45% for the array antenna when compared to the normal micro strip 
patch antenna. 
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INTRODUCTION 
ANSYS HFSS is a 3D Electromagnetic 
Simulation (EM) tool that is a leader in the 
market for high frequency and high speed 
electronic components. It highlights 
several antenna-related applications with 
emphasis on antennas placed around or 
around other structures [1]. With multiple 
simulation technologies and a powerful 
and automated adaptive mesh refinement 
that provides gold standard accuracy, 
HFSS can help antenna designers who are 
constantly faced with the challenge of 
deploying designs in more and more 
frequency bands within a decreasing space 
[2]. With these additional technical 
challenges coupled with declining time in 
the market, simulation with HFSS is a 
necessity in the process of integration and 
antenna design [3]. 
 
In recent years, the rapid growth of IoT 
technology in the medical field has been 
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reconstruction of the global health system, 
this technology in many ways leads to 
changes in medical and population 
services provision [4]. This development is 
part of a general area known as 
"telemedicine" that enables remote 
diagnosis of patients and seeks the advice 
of a specialist. Telemedicine is the remote 
distribution of healthcare services, such as 
health estimation or consultations, over the 
telecommunications framework [5]. 
Telemed Icine also helps to ensure 
preventive monitoring of high-risk patients 
by prescribing therapies or procedures and 
procedures to monitor the patient's 
situation [6]. The choice of this emergency 
pre-hospital system differs from the 
simplicity of system implementation and 
its effectiveness, compared to other works. 
The proposed antenna transmits the data 
from the biosensors and receives them 
through the Zigbee module on one side. 
On the other hand, the data sent by the 
hospital via the wimax/3.5G connection, 
that is one of our effective bands are 
received by a second antenna that is placed 
outside the ambulance [7]. 
 
MATERIALS AND METHODS 
Microstrip Patch Antenna 
In telecommunications, a microstrip 
antenna (also known as a printed antenna) 
usually means an antenna manufactured 
using microstrip techniques on a printed 
circuit board (PCB). The most prevailing 
type of microstrip antenna is the patch 
antenna. Microstrip antennas are 
comparatively inexpensive to manufacture 
and design due to simple two-dimensional 
physical geometry. An advantage inherent 
to patch antennas is the ability to have 
polarization diversity. A microstrip patch 
antenna array can improve the gain in 
order to use our antenna in emission for 
the wimax band thus ensuring the 
transmission of data from the ambulance 
to the hospital. The radiating element and 
the feed line are constructed with the 
material PEC (Perfect Electric Conductor) 
of 0.035 mm thick. They are engraved on 
an Epoxy FR-4 substrate, with a relative 
permittivity ℇ𝑟= 4.4, thickness h = 1.6 mm, 
with the resonance frequency 𝑓𝑟 = 2.45 
GHZ. Epoxy FR-4 is chosen as the 
substrate material because it is very 
affordable in terms of cost and has 
superior and outstanding mechanical 
properties, making it suitable for a wide 
range of applications on an electronic 
component. 
 
Proposed Antenna Design 
The proposed dual band microstrip 
patch antenna array consist of a 
substrate material, ground plane, patch, 
feedline and port. Here, we choose FR-4 
epoxy as the substrate material which 
has a thickness of 1.6mm. FR-4 glass 
epoxy is a popular high-pressure 
thermoset plastic laminate grade having 
good strength to weight ratios. The 
material is known to retain its high 
mechanical value and electrical 
insulating qualities in both dry and 
humid conditions. These properties, 
along with good fabrication 
characteristics gives utility to this grade 
for a wide variety of electrical and 
mechanical applications, with relative 
permittivity of 4.4. The conducting 
components such as radiating element 
and feed line are in different planes. 
Here, we are using inset feed because of 
its simplicity and ease of fabrication. It 
also helps to improve the bandwidth and 
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Figure 1: Dual band microstrip patch antenna array. 
 
Table1: Dimension T. 










RESULTS AND DISCUSSION 
In this part, various simulation results of 
the proposed antenna were discussed by 
using HFSS simulator. The simulations 
results are focused on the adaptation 
parameters such as the return loss, the 
VSWR. It also focused on far field 
radiation characteristics including gain, 
directivity and radiation pattern [8]. 
 
Return Loss S11 
For an antenna to be practically useful, the 
return loss must be greater than -10dB. 
From the figure, we obtained the value of 
S11 as -21dB and -25dB at frequencies 
2.6GHz and 3.75GHz. It is indicative from 
the figure that the return loss plot of the 
antenna with FR-4 epoxy substrate gives 
good return loss at 2.6GHz and 3.75GHz 
and thus it is suitable for wireless 
applications. By the introduction of slots, 
the return loss were reduced, and thereby 
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Figure 2: Return loss simulation result. 
 
Gain 
It is the ratio of maximum radiation 
intensity in given direction to the 
maximum radiation intensity from the 
reference antenna produced in the same 
direction with the same power input. In 
general, antenna gain indicates how 
strong a signal can be send or received 
by an antenna in a specified direction. It 
also explains the radiation behavior of 
the antenna in far fields. The proposed 
antenna array has a gain value of 
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Directivity 
Directivity is a fundamental antenna 
parameter. Directivity is the ratio of the 
radiation intensity in a given direction 
from the antenna to the radiation intensity 
averaged over all directions. It is a 
measure of how directional an antennas 
radiation pattern is. From Fig 4, we can 
say that the directivity of the proposed 
antenna is 3.1dB. Directivity must be 




Figure 4: Total directivity of the proposed antenna. 
 
CONCLUSION 
A dual band microstrip patch antenna 
array operating at 2.4 GHz and 3.5 GHz 
for Zigbee and Wimax applications for an 
emergency medical service system was 
successfully designed and simulated using 
ANSYS HFSS software. The performance 
comparison of the antenna with and 
without array has been conducted and 
arrived at the conclusion that dual band 
microstrip patch antenna with array yields 
more gain than the dual band microstrip 
patch antenna without array. This antenna 
has achieved good performance in terms 
of adaptation parameters. In addition, gain 
and directivity achieve sufficient values to 
meet system requirements. This array 
antenna with improved gain can be used in 
emission for the Wimax band thus 
ensuring the transmission of data from the 
ambulance to the hospital. 
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